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1
PROCESS CONTROL METHOD AND APPARATUS

This invention relates to a method and apparatus for
effecting control of changes in a process variable, and
more particularly for effecting such changes at pre-
chosen rates.

One example of a process variable which the inven-
tion may be used to control is temperature. In many
manufacturing operations which involve heating or
cooling treatments, it is desirable not only to apply a
controlled temperature, but also to ensure that the
heating to and/or the cooling from such a temperature
is carried out at a pre-chosen rate. Moreover it may be
necessary to vary the rate of heating and/or cooling in
a pre-chosen manner in order to achieve some desired
property in an end product. Examples of processes in
which such temperature control is desirable include an-
nealing treatments and textile dyeing operations.

In the latter, proper control of the dyeing operation
normally requires that the dyebath liquor be brought to
a precise temperature at a closely controlled rate, that
it be held at the dyeing temperature for a predeter-
mined period of time, and that it be subsequently
cooled at the same, or another closely controlled rate.
This is necessary to ensure uniformity of shade between
successive batches of fabric treated in successive dye-
ing operations.

Various forms of apparatus for controlling processes
are known which include electric circuitry for produc-
ing signals representing measured and desired values
for a proceses variable to be controlled, for comparing
these values and for effecting the required change in
the variable. Such apparatus usually employs either
digital or analogue signals. The use of digital signals has
been criticised where rates of change are required to be
controlled because a signal representative of the rate of
change or “slope”, is generated as a number of steps
rather than a smooth line, as is the case when analogue
signals are used. However, for many purposes digital
signals can provide an adequate degree of precision of
control.

This invention concerns particularly electric circuitry
for producing digital signals for controlling the slope or
rate of change of a process variable, and apparatus em-
bodying the circuitry and utilising either digital or ana-
logue signals for effecting control as may be desired.

According to the invention a method for controlling
changes in the value of a process variable includes the
steps of producing electrically a digital number signal
representing the desired value of the variable, periodi-
cally adding to or subtracting from that number a digi-
tal number representing a required change in the vari-
able, to produce an updated desired value signal, and
comparing the latter signal or an analogue of it electri-
cally with a signal representing the measured value of
the variable to obtain a control signal for regulating the
value of the variable. '

The digital number signals may be binary numbers or
binary coded decimal numbers represented electricalty
according to well known practices.

Preferably the method also includes the step of peri-
odically comparing signals representing the desired
value of the variable and a final value it is to achieve
to produce a further signal to determine automatically
whether the said signal representing the required
change is to be added to or subtracted from the desired
value signal.
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Further, according to the invention, apparatus for
controlling a process variable comprises a first shift
register for storing a binary number representing a de-
sired value. of the variable, a second shift register for
storing a binary number representing a change to be
made to the desired value in a predetermined time, pro-
gramme means for receiving programme instructions
and periodically transferring numbers to the second
shift register, means for periodically combining the
numbers in the two registers to produce an updated
number and means for transferring periodically up-
dated number signals to a comparator stage for com-
parison with electric signals representing the measured
value of the variable to produce control signals for in-
fluencing the variable.

Preferably means are provided for “inverting’ (that
is producing the complement or negative value of) the
number stored in the second register where the change
to be made to the desired value is a reduction, and the
apparatus may include means for comparing the de-
sired value of the variable with a final value to be
achieved, whereby to determine automatically whether
an increase or reduction of the value of the variable is
required.

An embodiment of the invention, applied to the con-
trol of temperature in a dyeing process, is illustrated by
way of example by the accompanying diagrammatic
drawings, in which:

FIG. 1 shows a circuit for providing digital slope sig-
nals,

FIG. 2 shows the circuit for producing pulses to drive
the circuit shown in FIG. 1,

FIG. 3 shows the application of the circuit of FIG. 1
to a dyebath temperature controller employing digital
signals for effecting control, and

FIG. 4 shows the application of the circuit of FIG. 1
to a dyebath temperature controller employing ana-
logue signals for effecting control.

All the circuits utilise, wherever possible, integrated
circuit type digital logic elements which are readily
available at low cost. Since these elements are well-
known their internal circuitry will not be described.

Referring first to FIG. 1, the circuit shown includes
an arithmetic unit 17 comprising two integrated circuit
shift registers 1 and 2, connected to the inputs of a se-
rial adder 3, the output of which is connected back to
the opposite end of the shift register 1, wherein binary
numbers stored in the two shift registers can be added
and the sum can be fed back to the shift register 1. An
inversion element 4 is connected in the line from the
shift register 2 to the serial adder 3 whereby the num-
ber contained in that register can be inverted to be fed
to the serial adder, giving the effect of subtraction. This
inversion element 4 is an “Exclusive Or” gate, one
input and the output of which constitute the line from
the second shift register 2 to the serial adder. An “0”
signal is applied to the second input (marked SUB-

-TRACT) when the number in the second shift register

is to be added to that in the first shift register, when an
increase in temperature is required, and the signals at
the first input are then reproduced at the output. When
a decrease of temperature is required the number in the
second shift register 2 has to be subtracted from that in
the first shift register, and a *“1” signal is then applied
to the second input. The signal at the output of the ele-
ment 4 is then the complement of that applied to the
first input, and adding this to the number in the first
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shift register 1 in the serial adder 3, has the same result
as subtracting the number in the second shift register
2.

The serial adder 3 and the two shift registers 1 and
2 are activated periodically by the supply of a series of
clock pulses, the effect of each clock pulse being to
move every bit of information in the two shift registers,
except that in the furthermost right-hand stage of each
shift register, one stage to the right. The bits in these
furthermost right-hand stages are added in the serial
adder (after inversion of the bit in the second shift reg-
ister if subtraction is required) and fed back to the fur-
thermost left-hand stage of the first shift register 1.
Thus after 16 clock pulses have been supplied to the
serial adder the numbers in the two shift registers have
been added and their total is stored in the 16 stages of
the first shift register in appropriate order of signifi-
cance from left to right. The second shift register 2 then
contains the number zero.

The 10 most significant stages of the first shift regis-
ter are connected to a 10-stage integrated circuit regis-
ter 6, which serves as a temperature register, and on ap-
plying a “Read” pulse to this register it will accept the
ten most significant bits of the number in the shift regis-
ter 1. This is the significant part of the sum of the two
numbers originally stored in the two shift registers, and
represents the new, updated, desired value DVd of the
temperature. Simultaneously a Read pulse can also be
supplied to the second shift register 2 to enable it to ac-
cept again the number representing slope from a slope
register 5.

By repeating this sequence of operations the number
contained in the temperature register is periodically
updated, and represents the instantaneous desired
value of the temperature being controlled.

The number of stages in the various registers depends
upon the range of temperatures and slopes it is desired
to accommodate. It has been found desirable to pro-
vide 16 stages in the first register 1 since this must be
able to accept binary numbers representing tempera-
tures up to the boiling point of water at elevated pres-
sures and increments down to 1/256°.

In practice in dyeing machinery steps of '4° are small
enough to be insignificant in terms of deviation from a
smooth rate of change, and it is necessary only to pro-
vide ten stages in the temperature register 6, covering,
for example, the range 0 — 255%°C in increments of
14°C. The range of slopes required is typically %°C per
minute to 15%°C per minute, obtained as a binary com-
bination of steps of %, %, 1, 2, 4, 8°C per minute. To
maintain the effect of smooth changes, the number in
the second shift register 2, which is to be added to that
in the first shift register 1, must never exceed %°C. To
obtain a rate of change of 15%°C per minute with a
maximum step of %°C it will be understood that 63
steps are required, and the arithmetic unit is therefore
arranged to operate 64 times per minute. To provide
the minimum slope of ¥4°C per minute with this rate of
addition, the minimum step must be % X 1/64 =
1/256°C. Thus the resolution of the second shift regis-
ter 2 is in six stages, representing respectively 1/256,
1/128, 1/64, 1/32, 1/16 and 1/8°C per minute. Thus by
causing the number in the first shift register 1 to be up-
dated 64 times per minute, with maximum steps of %4°,
for practical purposes the actual changes of the tem-
perature being controlled follow a smooth line, even
though control is by digital signals.
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The circuit for operating the arithmetic unit 17 is
shown in FIG. 2. An oscillator 7 produces a continuous
signal comprising a series of ‘clock’ pulses with a fre-
quency of 279.62 Kc/S. This signal is fed to one input
of an ‘And’ gate 8 and to a dividing element 9 which
has a divisor of 32 and has twin outputs at which oppo-
site square wave signals P and P are produced with a
frequency of 8.738 Kc/s. The P signal is fed forward to
a further dividing element 10 having a divisor of 23
which produces an output signal of 64 cycles per min-
ute. This latter signal is fed to the ‘Clear’ terminal of a
JK flip-flop element 11 and to one input of an And gate
12. The Q output of the JK flip-flop element 11 is con-
nected back to its J and K inputs and to the second
input of the And gate 12. The P signal is also fed to the
“clock” terminal of the JK flip-flop element 11. A zero
signal on the Clear terminal of the JK flip-flop element
11 holds it in the “off”” condition, in which the Q output
is at zero and the Q output is 1. When a positive signal
is applied to the Clear terminal the condition of the ele-
ment 11 can be reversed by the trailing end of a pulse
applied to the clock terminal. The effect of this ar-
rangement is that when the output signal of the dividing
element 10 changes from zero to positive the output of
the And gate 12 also goes positive, but the latter output
is cut off by the trailing end of the next pulse of the P
signal. Thus the output of the And gate 12 is a short
pulse of the duration of one cycle of the P signal occur-
ring at the commencement of each positive pulse of the
output signal of the dividing element 10, that is, 64
times per minute. These pulses serve as timing pulses.

As mentioned, the original oscillator signal with a fre-
quency of 279.62 Kc/s is fed to one input of the And
gate 8. The P signal is fed to its other input. Since the
original oscillator signal has a frequency which is thirty-
two times the frequency of the P signal, and the And
gate 8 will conduct only when both its inputs are posi-
tive, the And gate 8 transmits 16 of the original clock
pulses while the P signal is positive, then produces no
output for the next 16 clock pulses, while P is zero. The
output from the And gate 8 is thus a series of spaced
apart groups of sixteen clock pulses which are fed to
one input of a further And gate 13. The timing signal
formed by the pulses obtained from the output of the
And gate 12 is fed via an ‘Or’ gate 14 to the other input
of this gate 13 which thus transmits one of the groups
of 16 clock pulses for every timing pulse — that is 64
times per minute. This group of clock pulses is fed from
the output of the And gate 13 to the shift registers 1
and 2 and the serial adder 3 of the arithmetic unit 17,
and so updates the number in the first shift register 1
64 times per minute. '

The timing signal is also fed from the Or gate 14 to
one input of yet another And gate 15, the other input
of which is supplied with the P signal. This And gate 15
thus transmits a single timing pulse at the commence-
ment of each pulse of the P signal, that is immediately
after the And gate 13 has transmitted a group of 16
clock pulses. These single pulses transmitted by the
And gate 15 are fed to the temperature register 6 to
cause it to read the number from the first shift register
1 and to the second shift register 2 to cause it to read
the number from the slope register 5. They will be re-
ferred to for convenience as read puilses.

Thus it will be seen that the arithmetic unit 17 is
caused to execute one complete operation 64 times per
minute.
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To provide for rapid updating of the number in the
temperature register 6; either to increase the tempera-
ture at the maximum rate of which the dyeing appara-
tus is capable — a process which will be referred to as
“maximising” — or to bring the number up to the
equivalent of the actual measured temperature at the
start of a heating or cooling cycle — which will be re-
ferred to as “‘initialising”” — arrangements are provided
for causing the And gates 13 and 15 to transmit pulses
much more frequently by supplying alternative signals
to their inputs through the Or gate 14. As mentioned
above, when a positive signal is supplied to these And
gates, the gate 13 will transmit a group of 16 clock
pulses and immediately afterwards the And gate 15 will
transmit one read pulse. Normally only one group of
clock pulses followed by one read pulse is transmitted
by these gates on receipt of each timing pulse. How-
ever, if the And gates 13 and 15 are supplied with a
constant positive signal at one of their two inputs they
will transmit, respectively, clock pulses and read pulses
on the occurrence of pulses at the other of their inputs.
In this case, therefore, the arithmetic unit 17 will be ac-
tivated with the frequency gf the P and P signals, 8.738
Kc/s, instead of only at the much lower frequency of 64
timing pulses per minute.

The maximising and initialising signals are provided
from a programme reader which includes appropriate
switches activated by information in the programme,
and they are supplied to an Or gate 16 so that either sig-
nal can be fed to the Or gate 14 and will be transmitted
through that gate as an alternative to the timing pulses
from the And gate 12.

FIG. 3 shows diagrammatically a complete tempera-
ture control apparatus embodying the arithmetic unit
17 shown in FIG. 1 and employing digital control sig-
nals. As described with reference to FIG. 1, the 10 most
significant bits of the number held in the first shift reg-
ister of the arithmetic unit 17 are fed periodicatly to the
temperature register 6 which thus holds a 10-bit num-
ber DVd, which is periodically updated, representing
the desired value of the temperature which is to be at-
tained before the next updating if the intended temper-
ature slope, as indicated in the slope register 5 by the
programme, is to be achieved. This number is fed to
one set of inputs of each of two digital comparators 18,
19 respectively for comparing the desired value digi-
tally with the final value of the temperature to be
achieved and with the measured value.

The final value is contained in the programme which,
as mentioned, may be coded for example on a punched
card or tape which is read by an appropriate reader 20
and rendered as a 10-bit number FVd to the other set
of inputs of the digital comparator 18. The digital com-
parator 18 compares the two numbers and produces
signals at one or other of its two outputs when the de-
sired value is greater than, or is equal to, respectively,
the final value. These signals are fed to a control unit
21. (Because of the logic used it is not necessary to pro-
vide a signal indicating that the desired value is less
than the final value, since this is indicated by the ab-
sence of a signal on either of the two outputs men-
tioned).

The actual temperature in the dyebath 22 under con-
trol is measured by a sensor 23 which produces an ana-
logue signal MVa representing the measured tempera-
ture, which is fed to the input of an analogue-to-digital
converter 24. This renders the measured value as a 10-
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bit number MVd which is fed to the second set of in-
puts of the digital comparator 19 which compares it
with the number DVd and produces signals at one or
other of its two outputs when the desired value is equal
to, or greater than, respectively, the measured value.
These signals are also fed to the control unit 21.

FIG. 4 is a similar diagrammatic representation of a
temperature control apparatus embodying the arithme-
tic unit 17 shown in FIG. 1 and employing analogue
control signals. Components which are similar to those
described with reference to FIG. 3 carry similar refer-
ence numerals and are similarly located in the drawing,
and their function will not be described again.

In this apparatus the number DVd held in the tem-
perature register 6 is fed to a digital-to-analogue con-
verter 25 which produces an output signal DVa repre-
senting the desired value of the temperature in ana-
logue form. This signal is fed to two analogue compara-
tors 26, 27 for comparing the signal respectively with
analogue signals FVa and MVa representing, respec-
tively, the analogues of the final value and the mea-
sured value of the temperature. The final value signal
FVa is produced from the programme by the reader 20
which in this case is of the type producing an analogue
output. The analogue comparator compares the signals
FVa and DVa and produces signals at its outputs when
the desired value is equal to, or greater than, the final
value. These signals, as before, are fed to the control
unit 21.

The measured value of the temperature is rendered
in analogue form MVa by the sensor 23 as in the previ-
ous case, and this signal is fed to the analogue compara-
tor 27 where it is compared with the desired value DVa
and signals are produced at its outputs and fed to the
control unit 21 when the desired value is equal to, or
greater than, the measured value.

In both the apparatus of FIG. 3 and FIG. 4 logic is in-
cluded to determine automatically whether the slope is
to be positive or negative and whether heating or cool-
ing is required. The programme then has only to indi-
cate the required slope and the final value to be
achieved. The slope information is given by the pres-
ence or absence of an output signal from the compara-
tor 18 or 26, presence of an output signal indicating
that the desired value is greater than or equal to the
final value. If either of these output signals is present,
indicating that a negative slope is required, it causes the
control unit to feed a 1 signal to the second input of the
Exclusive Or gate inversion element 4 of the arithmetic
unit 17, causing it to invert the numbers fed to it from
the second shift register 2, as described. If no output
signal is present on either output of the comparator 18
or 26, no signal is fed to the second input of the inver-
sion element 4, and normal addition takes place in the
arithmetic unit 17, giving a positive slope.

The information as to whether heating or cooling is
required is given similarly by the presence or absence

- of an output signal from the other comparator 19 or 27,

the presence of an output signal indicating that the de-
sired value is either greater than or equal to, the mea-
sured value, depending on which of the two outputs
from the comparator carries the signal. The absence of
any output signal indicates that the measured value ex-
ceeds the desired value so that cooling is required. If
the comparator 19 or 27 is giving an output equal on
that output which indicates that the desired value is
equal to the measured value, neither heating nor cool-
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ing is required. If an output signal appears on the out-
put indicating that the desired value is greater than the
measured value, heating is required. The signals from
the comparator 19 or 27 are fed to an electromechan-
ical valve controller 28 which appropriately operates
valves 29 to admit steam or cold water to heating and
cooling coils 30 in the dyebath 22.

With the apparatus of either FIG. 3 or FIG. 4, when
a temperature change cycle is to be undertaken, as
when a dyeing operation is to be commenced, the ap-
propriate programme will be supplied to the pro-
gramme reader 20 and the dyebath will be filled. The
programme will commence with an initialising signal
which will cause a 1 to be loaded into the most signifi-
cant stage of the second shift register 2, and cause the
arithmetic unit 17 to be activated at the frequency of
the P and P signals, as mentioned, until the temperature

represented by the number held in the first shift register
" 1 and read into the temperature register 6 reaches the
measured value, as determined by the comparator 19
or 27. The appropriate signal will then be transmitted
by this comparator to the control unit 21, which will
feed a ‘clear’ signal to the second shift register 2 of the
arithmetic unit 17. This holds the number in that regis-
ter at zero for as long as the initialising signal remains
on. If it is desired to raise the temperature as quickly
as possible a maximising signal is supplied to the And
gates 13 and 15 through the Or gates 16 and 14, and
again a 1 signal will be fed to the most significant stage
of the second shift register, and the number held in the
temperature register will be updated rapidly and re-
peatedly until it reaches the final value being read from
the programme, as determined by the comparator 18 or
26, which will then give the appropriate signal to the
control unit 21, and again a clear signal will be supplied
by the control unit 21 to the arithmetic unit 17. At this
time the comparator 19 or 27 will indicate to the valve
controller 28 that the desired value DV is greater than
the measured value, causing it to operate the valves 29
to admit steam to the heating coil 30, and heating will
continue whilst the programme is held until the mea-
sured value reaches the disired value, when the clear
signal will be cut off and the cycle can continue.

If instead of a maximum temperature rise a con-
trolled temperature slope is required the programme
reader 20 will feed the appropriate slope numbers to
the slope register 5 and the number DVd in the temper-

20

25

30

35

40

45

ature register 6 will be updated accordingly. Again, ‘

when the desired value reaches the final value a clear
signal will be supplied to the arithmetic unit 17, holding
the number DVd in the temperature register 6 constant
until further information is read from the programme.
Heating will continue until the measured value reaches
the desired value.

The apparatus operates in the same way for cooling,
but in this case the comparator 19 or 27 will give no sig-
nal to the valve controller 28, indicating that the de-
sired value DV is less than the measured value MV, and
the controller 28 will operate the valves 29 to admit
cooling water. At the same time the comparator 18 or
26 will be indicating to the control unit 21 that the de-
sired value is greater than the final value, and a 1 signal
will be fed by the control unit 21 to the Exclusive Or
gate 4 of the arithmetic unit 17 to cause the slope num-
bers to be subtracted from the numbers in the first reg-
ister 1. The comparator 19 or 27 will monitor the val-
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ues of the desired value and the measured value and in-
dicate to the control unit when they are equal.

Instead of supplying a clear signal from the control
unit 21 to stop further heating or cooling as described
above, a signal could be applied to inhibit the read
pulses so that no further numbers are read into the
arithmetic unit and the temperature unit. Another pos-
sibility is to inhibit the feeding of slope numbers from
the second shift register 2 to the serial adder 3. For this
purpose an And gate 31 may be included in the link
from the shift register 2 to the serial adder 3, as shown
in dotted detail in FIG. 1. The output of the shift regis-
ter 2 is supplied to one input, and a positive or 1 signal
is normally applied to the other input, so that signals
from the shift register 2 will normally pass to the serial
adder 3. When it is desired to stop further heating or
cooling a O signal can be applied from the control unit
to the other input of the And gate 3, so inhibiting the
passage of further signals from the shift register 2 to the
serial adder 3.

It will be understood that the circuits shown in FIGS.
3 and 4 are not the only arrangements utilising the peri-
odically updated number held in the temperature regis-
ter. For example, digital comparison could be used for
monitoring the desired value against the final value, as
described with reference to FIG. 3, with analogue com-
parison between desired value and measured value as
described with reference to FIG. 4, and vice versa.

The valve controller 28 described with reference to
FIGS. 3 and 4 is of the simple type which simply opens
or closes the valves 29. However, proportional or inte-
gral controllers could be used with circuits embodying
the invention, in which case it would be necessary to
supply to the controller, signals representing the de-
sired value and the measured value in addition to the
signals from the comparator 19 or 27.

Although the invention has been described in a par-
ticular application to the control of temperature in a
dyebath, and in this form can be used as a part of an au-
tomatic dyeing cycle controller, it will be understood
that it is applicable to the control of many industrial
processes where accurate control of a temperature
cycle is required, such as the control of bakery ovens,
pottery firing ovens or metal treatment furnaces. It is
also applicable to the control of any other industrial
process variable the desired value of which can be rep-
resented digitally, and the actual value of which can be
measured by a device producing either an analogue or
a digital signal. Examples are rates of flow of gases or
liquids, tool movements in contour machine tools and
loss of weight feeding systems. The invention provides
cheap and readily adaptable circuitry, and the use of
integrated circuit type elements very largely removes
the need for making special provisions to protect the
equipment from adverse conditions, such as high tem-
peratures or humidity which are often encountered in
industrial applications, and can cause difficulty with
other types of equipment.

What is claimed is:

1. A method for controlling changes in the value of
a process variable including the steps of producing
electrically a digital number signal representing the de-
sired value of the variable, adding to that number at
successive equal intervals of time the positive or nega-
tive digital number representing the magnitude of a re-
quired change in the variable, to produce an updated
desired value signal, and comparing the latter signal or
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an analogue of it electrically with a signal representing
the measured value of the variable to obtain a control
signal for regulating the value of the variable.

2. A method according to claim 1 wherein the digital
number signals are binary numbers.

3. A method according to claim 1 wherein the digital
number signals are binary coded decimal numbers.

4. A method according to claim 1 including the step
of periodically comparing the signal representing the
desired value of the variable with a signal representing
the final value it is to achieve and thereby producing a
further signal determining automatically whether the
said number representing the required change is to be
added to or subtracted from the desired signal value.

5. Apparatus for controlling a process variable com-
prising a first shift register for transient storage of a bi-
nary number representing a desired value of the vari-
able, a second shift register for momentarily storing a
binary number representing a change to be made to the
desired value in a predetermined time, programme
means for receiving programme instructions and peri-
odically transferring numbers to the second shift regis-
ter, means for periodically combining the numbers.in
the two registers to produce an updated number and
means for transferring periodically updated number
signals to a comparator stage for comparison with elec-
tric signals representing the measured value of the vari-
able to produce control signals for influencing the vari-
able.

6. Apparatus according to claim § wherein the means
for combining the numbers in the two registers com-
prises a serial adder for adding the number stored in the
second shift register to that stored in the first shift regis-
ter.

7. Apparatus according to claim 6 wherein the pro-
gramme means includes means responsive to a pro-
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gramme instruction indicating the final value to be
achieved by the variable to produce an electric signal
represeniing the final value and the comparator stage
includes means for comparing periodically the desired
value with the final value for producing a ‘subtract’ sig-
nal when the desired value exceeds the final value, in-
cluding inversion means responsive to the said ‘sub-
tract’ signal for feeding the complement of the number
stored in the second shift register to the serial adder in-
stead of that number itself.

8. Apparatus according to claim 7 wherein the elec-
tric signal representing the final value is a digital signal
and the means for comparing it with the desired value
signal is a digital device.

9. Apparatus according to claim 7 wherein the elec-
tric signal representing the final value is an analogue
signal, including a digital-to-analogue converter for re-
ceiving the said updated numbers and producing ana-
logue signals representing the said numbers, the means
for comparing the desired value with the final value
being an analogue device.

10. Apparatus according to claim 5 including an ana-
logue sensor for measuring the actual value of the vari-
able and producing a voltage signal representing this
measured value, and an analogue-to-digital converter
for producing a digital signal representing the mea-
sured value, the comparator stage including a digital
device.

11. Apparatus according to claim 5 including an ana-
logue sensor for measuring the actual value of the vari-
able and producing a voltage signal representing this
measured value, a digital-to-analogue converter for re-
ceiving the said updated numbers and producing ana-
logue signals representing the said numbers, the com-

parator stage including an analogue device.
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